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(57) ABSTRACT 

A communication device Which executes proper communi 
cations by correcting communication errors caused by noise 
generated on a transmission line or the like. An encoding 
device for adding error correction code to an input data 
sequence is provided With a ?rst code encoding unit for 
adding binary error correction code to ?rst data blocks into 
Which the input data sequence is divided, and a second code 
encoding unit for adding a symbol error correction code for 
correcting errors by a symbol unit of a predetermined length 
to second data blocks into Which the input data sequence is 
divided in a form different from that of the plurality of ?rst 
data blocks. 

INPUT DATA SEQUENCE‘. 

21 Claims, 5 Drawing Sheets 
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APPARATUS FOR ENCODING AND 
DECODING 

BACKGROUND OF THE INVENTION 

The present invention relates to an encoding device, a 
decoding device, an encoding method, a decoding method, 
a program, a program recording medium, and a data record 
ing medium. More speci?cally, the invention relates to an 
encoding device, a decoding device, an encoding method, a 
decoding method, a program, a program recording medium, 
and a data recording medium Which use Reed-Solomon 
codes. 

According to Japanese patent No. 3272307, Reed-So 
lomon codes or BCH codes used for a communication 
device or the like Which needs high reliability are used as 
product codes, and decoding is iterated to enable error 
correction by a higher coding gain than that of a system 
standardiZed by lTU-T. G. 709. For example, according to 
“Enabling Next Generation Optical Networks With Forward 
Error Correction”, by S. Keeton,, S. Sridharan, and M. 
Jarchi, pp. 54 of National Fiber Optic Engineers Conference 
2001, a method of executing error correction by using BCH 
codes as product codes, and iterative decoding has been 
presented. 

According to the above-described method, in an area of a 
relatively high error rate in Which a bit error rate (BER) is 
about 10-5, error correction of a large coding gain can be 
executed. HoWever, in recent optical communications or the 
like, because of a high communication data rate, preferably, 
BER after addition of error correction codes is limited to 
about 10'15 or higher. In such a case, the above-described 
method may be adversely affected by an error ?oor of an 
escape pattern to disable acquisition of a sufficient coding 
gain. The method Which needs a large number of iterations 
is not preferable from the standpoint of a circuit siZe and 
poWer consumption. 

SUMMARY OF THE INVENTION 

Therefore, objects of the present invention are to provide 
an encoding device, a decoding device, an encoding method, 
a decoding method, a program, a program recording 
medium, and a data recording medium Which can solve the 
problems described above. 

According to a ?rst aspect of the present invention, an 
encoding device, an encoding method, a program realiZing 
the method, and a program recording medium recording the 
program are provided. The encoding device for adding an 
error correction code to an input data sequence comprises: a 
?rst code encoding unit for adding a binary error correction 
code to each of a plurality of ?rst data blocks into Which the 
input data sequence is divided; and a second code encoding 
unit for adding a symbol error correction code for correcting 
an error by a symbol unit of a predetermined length to each 
of a plurality of second data blocks into Which the input data 
sequence is divided in a form different from that of the 
plurality of ?rst data blocks, Wherein the number of bit 
errors to be corrected by the binary error correction code per 
total number of bits of the ?rst data block to Which the binary 
error correction code is added is larger than the number of 
bit errors to be corrected by the symbol error correction code 
per total number of bits of the second data block to Which the 
symbol error correction code is added. 

According to a second aspect of the present invention, a 
decoding device, a decoding method, a program realiZing 
the method, and a program recording medium recording the 
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2 
program are provided. The decoding device for correcting 
errors of an encoded data sequence to Which an error 

correction code is added comprises: a storage unit for storing 
the encoded data sequence; a ?rst error correction unit for 
correcting an error of each of a plurality of ?rst data blocks, 
into Which the encoded data sequence is divided, by mini 
mum distance decoding of a binary error correction code; 
and a second error correction unit for correcting an error of 
each of a plurality of second data blocks, into Which the 
encoded data sequence is divided in a form different from 
that of the plurality of ?rst data blocks, by minimum 
distance decoding of a symbol error correction code for error 
correction by a symbol unit of a predetermined length; a 
beloW bounded distance decoding control unit for causing 
the ?rst error correction unit and the second error correction 
unit to respectively correct errors having smaller distance 
than limit error correction capabilities of the binary error 
correction code and the symbol error correction code; and a 
bounded distance decoding control unit for causing, if 
determination is made that the errors are not corrected by the 
beloW bounded distance decoding control unit, each of the 
?rst error correction unit and the second error correction unit 
to correct errors by using the limit error correction capability 
of each of the binary error correction code and the symbol 
error correction code. 

According to a third aspect of the present invention, a 
decoding device, a decoding method, a program realiZing 
the method, and a program recording medium recording the 
program are provided. The decoding device for correcting 
errors of an encoded data sequence to Which an error 

correction code is added comprises: a storage unit for storing 
the encoded data sequence; a ?rst error correction unit for 
correcting an error of each of a plurality of ?rst data blocks, 
into Which the encoded data sequence is divided, by mini 
mum distance decoding of a binary error correction code; a 
second error correction unit for correcting an error of each 
of a plurality of second data blocks, into Which the encoded 
data sequence is divided in a form different from that of the 
plurality of ?rst data blocks, by minimum distance decoding 
of a symbol error correction code for error correction by a 
symbol unit of a predetermined length; a beloW bounded 
distance decoding control unit for causing the ?rst error 
correction unit and the second error correction unit to 
respectively correct errors having smaller distance than limit 
error correction capabilities of the binary error correction 
code and the symbol error correction code; and a bounded 
distance decoding control unit for causing, if determination 
is made that the errors are not corrected by the beloW 
bounded distance decoding control unit, each of the ?rst 
error correction unit and the second error correction unit to 
correct errors by using the limit error correction capability of 
each of the binary error correction code and the symbol error 
correction code. 

According to a fourth aspect of the present invention, a 
data recording medium is provided for recording an input 
data sequence and an error correction code added to the 
input data sequence. The data recording medium comprises: 
a data sequence recording area for recording the input data 
sequence; a ?rst code recording area for recording a binary 
error code recorded corresponding to each of a plurality of 
?rst data blocks, into Which the input data sequence is 
divided, and used for correcting an error of each of the 
plurality of ?rst data blocks; and a second code recording 
area for recording a symbol error correction code recorded 
corresponding to each of a plurality of second data blocks, 
into Which the input data sequence is divided in a form 
different from that of the plurality of ?rst data blocks, and 
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used for correcting an error of each of the plurality of second 
data blocks by a symbol unit of a predetermined length, 
Wherein the number of bit errors to be corrected by the 
binary error correction code per total number of bits of the 
?rst data block to Which the binary error code is added is 
larger than the number of bit errors to be corrected by the 
symbol error correction code per total number of bits of the 
second data block to Which the symbol error correction code 
is added. 

In the foregoing summary of the present invention, not all 
the features of the invention are cited, and a subcombination 
of these feature groups are also Within the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a more complete understanding of the present inven 
tion and the advantages thereof, reference is noW made to 
the folloWing description taken in conjunction With the 
accompanying draWings. 

FIG. 1 is a functional block diagram of a communication 
system 10. 

FIG. 2 is a vieW shoWing an example of encoded data 
stored in a storage unit 210. 

FIG. 3 is a ?owchart shoWing an operation of an encoding 
device 100. 

FIG. 4 is a ?owchart shoWing an operation of a decoding 
device 200. 

FIG. 5 is a vieW shoWing an example of a hardWare 
con?guration of the communication system 10. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

FIG. 1 is a functional block diagram of a communication 
system 10. The communication system 10 is provided With 
communication devices 11A and 11B, and encodes an input 
data sequence to execute error correction. That is, the 
communication device 11A receives the input data sequence, 
and adds codes used for error correction to transmit the 
sequence as an encoded data sequence through a transmis 
sion line to the communication device 11B. The communi 
cation device 11B corrects errors of the encoded data 
sequence by using error correction codes. 

Thus, even if there is noise or the like on the transmission 
line, the communication system 10 can transmit/receive data 
close to the original input data sequence. Especially, the 
communication system 10 combines Reed-Solomon error 
correction codes With binary error correction codes under 
predetermined conditions to obtain a large coding gain by a 
small parity overhead, and to be effective for both random 
and burst errors, and can add error correction codes of a 
structure to be decoded relatively easily. 
The communication system 11A is provided With an 

encoding device 100 and a transceiver unit 150. The encod 
ing device 100 has ?rst and second code encoding units 110 
and 120. The ?rst code encoding unit 110 receives the input 
data sequence from the outside, adds binary error codes 
thereto and send the input data sequence to the second code 
encoding unit 120. The second code encoding unit 120 adds 
Reed-Solomon error codes, that is symbol error correction 
codes, to the input data sequence to Which the binary error 
codes have been added and send the input data sequence to 
the transceiver unit 150 as an encoded data sequence. The 
transceiver unit 150 transmits the received encoded data 
sequence through the transmission line to the communica 
tion device 11B. 
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4 
The communication device 11B is provided With a 

receiver unit 180 and a decoding device 200. Upon reception 
of the encoded data sequence from the communication 
device 11A through the transmission line, the receiver unit 
180 sends the encoded data sequence to the decoding device 
200. The decoding device 200 has a storage unit 210, ?rst 
and second error correction units 220 and 230, a beloW 
bounded distance decoding control unit 240, and a bounded 
distance decoding control unit 250. The storage unit 210 
stores the encoded data sequence received from the receiver 
unit 180 to be referred to by the ?rst and second error 
correction units 220 and 230. In addition, upon reception of 
a notice of error correction completion from the ?rst or 
second error correction units 220 or 230, the storage unit 210 
outputs the stored encoded data sequence as an output data 
sequence. 
The ?rst error correction unit 220 corrects errors of the 

encoded data sequence in the storage unit 210 by minimum 
distance decoding of the binary error correction codes. The 
second error correction unit 230 corrects errors by minimum 
distance decoding of the symbol error correction codes. 
Upon completion of the error corrections, the ?rst and 
second error correction units 220 and 230 send notices of 
error correction completion to the storage unit 210. The 
beloW bounded distance decoding control unit 240 uses the 
?rst and second error correction units 220 and 230 to correct 
errors under limit error correction capabilities thereof, and 
sends an instruction to continue error correction to the 
bounded distance decoding control unit 250 if the error 
correction is not completed. Upon reception of the instruc 
tion, the bounded distance decoding control unit 250 uses 
the limit error correction capabilities of the ?rst and second 
error correction units 220 and 230 to correct errors of the 
encoded data sequence in the storage unit 210. 

Functions of both of the communication devices 11A and 
11B may be incorporated in the same communication 
device. 

Thus, the communication system 10 can correct errors by 
encoding the input data sequence even if there is noise on the 
transmission line or the like. As a result, the communication 
device 11A can properly communicate With the communi 
cation device 11B. 

FIG. 2 shoWs an example of encoded data stored in the 
storage unit 210. The storage unit 210 is an example of a 
data recording medium of the present invention, and 
includes a data sequence recording area 500 for recording 
the input data sequence, ?rst and second code recording 
areas 510 and 520, and a parity-on-parity 530. 
The data sequence recording area 500 records a ?rst data 

block 502 generated by dividing the input data sequence into 
predetermined lengths. According to the embodiment, the 
?rst code encoding unit 110 divides the input data sequence 
so as to make each of a plurality of ?rst data blocks 502 a 
continuous part of the input data sequence, and sequentially 
generates ?rst data blocks 502-1 to 502-P. As another 
example, the ?rst code encoding unit 110 may divide the 
input data sequence so as not to make each of the plurality 
of ?rst data blocks 502 a continuous part of the input data 
sequence. 

In the ?rst code recording area 510, binary error correc 
tion code parities 512-1 to 512-P are recorded respectively 
corresponding to the ?rst data blocks 502-1 to 502-P, and 
used to correct errors of the ?rst data blocks 502-1 to 502-P. 
That is, the ?rst code encoding unit 110 adds the binary error 
correction code parities 512-1 to 512-P respectively to the 
?rst data blocks 502-1 to 502-P to form binary error cor 
rection codes 504 Which are inner codes of concatenated 
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codes. For example, the binary error correction code parity 
512-1 corresponds to the ?rst data block 502-1 to form a 
binary error correction code 504-1. Similarly, the binary 
error correction code parity 512-2 corresponds to the ?rst 
data block 502-2 to form a binary error correction code 
504-2. 

Second data blocks 506-1 to 506-Q are divisions of the 
input data sequence based on a form different from that of 
the ?rst data block 502, and constituted by selecting partial 
data from the ?rst data blocks 502-1 to 502-P. For example, 
the second data blocks 506-1 to 506-Q may be constituted by 
selecting data having a length of a symbol 550 as partial 
data, or data having lengths of a plurality of symbols 550 or 
the like that are different from the length of the symbol 550. 

In the second code recording area 520, Reed-Solomon 
error correction code parities 522-1 to 522-Q are recorded 
respectively corresponding to a plurality of second data 
blocks 506-1 to 506-Q, and used to correct errors of the 
second data blocks 506-1 to 506-Q by symbol 550 units. 
That is, the second code encoding unit 120 adds the Reed 
Solomon error correction code parities 522-1 to 522-Q to the 
second data blocks 506-1 to 506-Q respectively to form 
Reed-Solomon error correction codes 508-1 to 508-Q Which 
are outer codes of concatenated codes. For example, the 
Reed-Solomon error correction code parity 522-1 corre 
sponds to the second data block 506-1 to form the Reed 
Solomon error correction code 508-1. Similarly, the Reed 
Solomon error correction code parity 522-2 corresponds to 
the second data block 506-2 to form the Reed-Solomon error 
code 508-2. 

The communication system 10 may add codes having the 
structure of the Reed-Solomon error correction code 508 and 
that of the binary error correction code 504 being 
exchanged. For example, the communication system 10 may 
add binary error correction codes as outer codes, and Reed 
Solomon error correction codes as inner codes. 
As described above, the communication system 10 

divides the input data sequence into the ?rst and second data 
blocks 502 and 506 in the forms different from each other, 
and adds error correction codes to each division to record the 
data sequence in the storage unit 210 or the like. Accord 
ingly, the communication system 10 can correct errors of the 
input data sequence by effectively using characteristics of 
both of the ?rst and second data blocks 502 and 506. To 
effectively execute error correction, the communication sys 
tem 10 may use the parity-on-parity 530 Which is the binary 
error correction code parity 512 as an error correction code 
for the Reed-Solomon error correction codes parity 522. As 
another example, in accordance With con?guration require 
ments of inner and outer codes, for example, if a total 
number of bits k of the ?rst data block is not an integer 
multiple of a number of bits m of a symbol, the communi 
cation device 10 may further use, as the parity-on-parity 
530, the binary error correction code parity 512 and the 
Reed-Solomon error correction code parity 522 Which is an 
error correction code for a part of the ?rst data block. 

Next, a speci?c example of the above-described error 
codes is cited. 

For example, the number of bit errors to be corrected by 
the binary error correction code parity 512 per total number 
of bits of the binary error correction code 504 of the ?rst data 
block 502, to Which the binary error correction code parity 
512 is added, is larger than the number of bit errors to be 
corrected by the Reed-Solomon error correction code parity 
522 per total number of bits of the Reed-Solomon error 
correction code 508 of the second data block 506 to Which 
the Reed-Solomon error correction code parity 522 is added. 
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6 
More speci?cally, the ?rst and second code encoding units 

110 and 120 add the binary error code parity 512 and the 
Reed-Solomon error correction code parity 522 to the input 
data sequence Which satisfy the folloWing inequality When a 
total number of bits of the binary error correction code 504 
is n, a minimum distance (e.g., Hamming distance) betWeen 
a plurality of binary error correction codes 504 is d, a length 
of the Reed-Solomon error correction code 508 is an N 
symbol, a minimum distance betWeen codes of the second 
data block 506 is D, and a total number of bits of a symbol 
is m, 

[Mathematical 3] 

Here, preferably, n is at least tWice as large as m from the 
standpoint of effective error correction (e.g., n is a multiple 
of an integer 2 or more With respect to m). If the total number 
of bits of the binary error correction code 504 is about equal 
to the length of the symbol 550 of the typical Reed-Solomon 
error correction code 508 (m:8), large parity-on-parity is 
necessary even for correction of a l-bit error. In the case of 
the Reed-Solomon error correction code 508 Where the 
length m of the symbol 550 is large, ef?ciency is loW from 
the standpoint of correction of random errors. 

The ?rst and second error correction units 220 and 230 
similarly correct errors of the input data sequence by the 
binary error correction code 504 and the Reed-Solomon 
error correction code 508 Which satisfy the above-described 
inequality. 
The Reed-Solomon error correction codes 508 is, for 

example, the symbol error correction code Where 8 bits 
constitute a symbol of (N, K, D):(255, 239, 17) de?ned by 
GF(28). Note, N denotes a code length (length of Reed 
Solomon error correction code 508), K a signal length of 
data before encoding (length of second data block 506), and 
D a minimum distance. 

According to the embodiment, the communication system 
10 makes formation of escape patterns dif?cult by using a 
symbol error correction code of a large minimum distance. 
The binary error correction code 504 is, for example a 

binary code of (n, k, d):(l28, 113, 6) having a double-bit 
error correction function, and a 3-bit error detection function 
Which has larger number of bits than the one to be corrected, 
or a 4-bit byte error correction function. Note, n denotes a 
code length (total number of bits of binary error correction 
code 504), k a signal length of data before encoding (total 
number of bits of ?rst data block 502), and d a minimum 
distance. 
The binary error correction code parity 512 can correct 

random bit errors by a relatively large parity overhead. In the 
case of the binary error correction code 504, When errors are 
detected by the error detection function, the errors may not 
be corrected even if error correction is determined to be 
possible. In this case, especially if the number of bits of 
detected errors is near the limit of the error correction 
capability by the binary error code correction code 504, the 
binary error correction code 504 can limit possibility of 
erroneous correction. Further, the Reed-Solomon error cor 
rection code 508 enables e?fective error correction by using 
error detection information of the binary error correction 
code 504. 
The communication system 10 can con?gure, as the 

binary error correction code 504, a binary code of (n, k, 
d):(l28, 112, 6) by using 128 elements of GP (28). For 
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example, the communication system 10 can set the mini 
mum distance d to 6 by selecting only elements of odd 
parities. 
As another example, for the binary error correction code 

504, a burst error detection function or a burst error correc 

tion function may be provided. In such a case, even when 
burst errors occur over a byte boundary, the binary error 
correction code parity 504 can properly correct or detect the 
errors to increase possibility of preventing erroneous cor 
rection during decoding, whereby more e?fective error cor 
rection can be executed. 

FIG. 3 is a ?owchart showing an operation of the encod 
ing device 100. The ?rst code encoding unit 110 adds the 
binary error correction code parity to the input data sequence 
(S100). Then, the second code encoding unit 120 adds 
Reed-Solomon error correction codes to the input data 
sequence to which binary error correction codes have been 
added (S110). 

The binary and Reed-Solomon error correction codes 
have characteristics such as those described above with 
reference to FIG. 2, and enable e?‘ective error correction by 
a relatively small overhead as a whole. As another example 
of the above-described encoding, the encoding device 100 
may add the Reed-Solomon error correction codes before 
addition of the binary error correction codes. 

FIG. 4 is a ?owchart showing an operation of the decod 
ing device 200. The decoding device 200 executes the 
following decoding for the encoded data sequence received 
from the outside. First, the below bounded distance decod 
ing control unit 240 causes the ?rst error correction unit 220 
to execute correction of under-limit error correction capa 
bility of the binary error correction code 504 by a hard 
decision method (S200). For example, in the example shown 
in FIG. 2, as double-bit error correction is possible by the 
binary error correction code 504, the below bounded dis 
tance decoding control unit 240 causes the ?rst error cor 
rection unit 220 to execute l-bit error correction which is 
less than 2 bits. 

In addition to the random error correction, the ?rst error 
correction unit 220 may execute burst error correction. In 
such a case, the decoding device 200 can e?fectively correct 
burst errors by the ?rst error correction unit 220 in ?rst step 
S200 of iterative decoding if an encoded data sequence often 
including the burst errors is entered. 

Further, the ?rst error correction unit 220 may execute 
only burst error detection if the encoded data sequence is 
determined to include large burst errors. In this case, the ?rst 
error correction unit 220 can prevent erroneous correction of 
burst errors. 

Upon determination of completion of the error correction 
of the encoded data sequence (S210: YES), the ?rst error 
correction unit 220 ends the process. Subsequently, upon 
determination of incompletion of the error correction of the 
encoded data sequence (S210: NO), the below bounded 
distance decoding control unit 240 causes the second error 
correction unit 230 to execute correction of under-limit error 
correction capability of the Reed-Solomon error correction 
code 508 by the hard decision method (S220). Upon deter 
mination of completion of the error correction (S230: YES), 
the second error correction unit 230 ends the process. 
Upon determination of incompletion of the error correc 

tion by the second error correction unit 230 (S230: NO), the 
below bounded distance decoding control unit 240 deter 
mines whether the number of times of iterating the error 
correction by the under-limit error correction capability 
from S200 to S230 has reached a predetermined number of 
times or not (S240). If the below bounded distance decoding 
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8 
control unit 240 determines that the number of times of 
iterating the error correction by the under-limit error cor 
rection capability from S200 to S230 has not reached the 
predetermined number of times (S240: NO), the decoding 
device 200 returns to step S220 to continue the process. 

If the below bounded distance decoding control unit 240 
determines that the number of times of iterating the error 
correction by the under-limit error correction capability 
from S200 to S230 has reached the predetermined number of 
time (S240: YES), the bounded distance decoding control 
unit 250 causes the ?rst error correction unit 220 to execute 
correction of the limit error correction capability of the 
binary error correction code 504 by the hard decision 
method (S250). For example, in addition to the random error 
correction, the bounded distance decoding control unit 250 
may execute further burst error correction by the ?rst error 
correction unit 220. If only burst error detection is executed 
in S200, the ?rst error correction unit 220 may execute burst 
error correction in S250. Subsequently, upon determination 
of completion of the error correction of the encoded data 
sequence (S260: YES), the ?rst error correction unit 220 
ends the process. 
Upon determination of incompletion of the error correc 

tion of the encoded data sequence by the ?rst error correc 
tion unit 220 (S260: NO), the bounded distance decoding 
control unit 250 determines whether the number of times of 
iterating the error correction by the limit error correction 
capability has reached the predetermined number of times or 
not (S270). If the bounded distance decoding control unit 
250 determines that the number of times of iterating the error 
correction by the limit error correction capability has 
reached the predetermined number of times (S270: YES), 
the second error correction unit 230 can execute erasure 
decoding of the second data block 506 based on the result of 
the error correction using the binary error correction code 
504 (S280). 

If the bounded distance decoding control unit 250 deter 
mines that the number of times of iterating the error cor 
rection by the limit error capability has not reached the 
predetermined number of times (S270: NO), the second 
error correction unit 230 execute correction of the limit error 
capability of the Reed-Solomon error correction code 508 by 
a hard decision method (S290). Subsequently, upon deter 
mination of incompletion of the error correction of the 
encoded data sequence (S300: NO), the second error cor 
rection unit 230 returns to S250 to continue the process. 
Upon determination of completion of the error correction of 
the encoded data sequence (S300: YES), the process is 
ended. The predetermined number of times is decided by 
trade olf between a total calculation amount of the iterative 
decoding and a coding gain. That is, the decoding device 200 
may adjust time necessary for decoding and a coding gain 
based on the predetermined number of times in accordance 
with user’s setting. 
As described above, the communication system 10 uses 

the under-limit error correction capability in the ?rst half of 
the error correction. Then, the communication system 10 
uses the limit error correction capability after suf?cient error 
correction executed by the under-limit error correction capa 
bility based on both outer and inner codes. Thus, in the case 
of correcting errors of the encoded data sequence possibly 
including errors equal to/higher than the correction capabil 
ity, the communication system 10 can execute e?‘ective error 
correction by preventing erroneous correction in the ?rst 
half of the error correction, using characteristics of the inner 
and outer codes. 
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As another example of the error correction, the decoding 
device 200 may execute only the latter half of the shoWn 
process. That is, the decoding device 200 may execute only 
error correction using only the limit error correction capa 
bility. Even in this form, by using the concatenated codes 
shoWn in FIG. 2, the decoding device 200 can effectively 
execute error correction based on the iterative decoding of 
the hard decision method. 

FIG. 5 shoWs an example of a hardWare con?guration of 
the communication system 10. The communication system 
10 of the embodiment is provided With a CPU peripheral 
unit having a CPU 1000, a RAM 1020 and a graphics 
controller 1075 Which are interconnected by a host control 
ler 1082, and a display 1800, an I/O unit having a commu 
nication interface 1030, a hard disk drive 1040 and a 
CD-ROM drive 1060 Which are connected to the host 
controller 1082 by an I/O controller 1084, and a legacy l/O 
unit having a ROM 1010, a ?exible disk drive 1050 and an 
I/O chip 1070 Which are connected to the I/O controller 
1084. 
The host controller 1082 interconnects the RAM 1020, 

the CPU 1000 Which accesses the RAM 1020 at a high 
transfer rate, and the graphics controller 1075. The CPU 
1000 is operated by programs stored in the ROM 1010 and 
the RAM 1020 to control each unit. The graphics controller 
1075 obtains image data generated on a frame buffer 
installed in the RAM 1020 by the CPU 1000 or the like to 
display it on the display 1080. Instead, the graphics con 
troller 1075 may include a frame buffer for storing image 
data generated by the CPU 1000 or the like. 

The U0 controller 1084 connects the communication 
interface 1030 Which is a relatively high-speed l/O device, 
the hard disk drive 1040, and the CD-ROM drive 1060 to the 
host controller 1082. The communication interface 1030 
communicates With other devices through a netWork. The 
hard disk drive 1040 stores programs and data used by the 
communication system 10. The CD-ROM drive 1060 reads 
a program or data from a CD-ROM 1095 to supply the 
program or data through the RAM 1020 to an I/ O chip 1070. 

The ROM 1010, and a relatively loW-speed l/O device 
such as the ?exible disk drive 1050 or the I/O chip 1070 are 
connected to the I/O controller 1084. The ROM 1010 stores 
boot programs executed by the CPU 1000 at the time of 
starting the communication system 10, a program dependent 
on hardWare of the communication system 10, and the like. 
The ?exible disk drive 1050 reads a program or data from a 
?exible disk 1090 to supply the program or data through the 
RAM 1020 to the I/O chip 1070. The U0 chip 1070 connects 
various I/O devices through the ?exible disk 1090, and for 
example, a parallel port, a serial port, a keyboard port, a 
mouse port and the like. The U0 chip 1070 receives data 
corresponding to user’s entry from the input device, and 
supplies the data to a program executed by the communi 
cation system 10. 

The program supplied to the communication system 10 is 
stored in the ?exible disk 1090, the CD-ROM 1095, or a 
recording medium such as an IC card, and supplied by a 
user. The program is read from the recording medium, and 
installed in the communication system 10 to be executed. 
The communication system 10 may record the encoded data 
sequence generated by the encoding device 100 in the 
recording medium and may supply the encoded data 
sequence to the user. 
The program for realiZing the communication system 10 

is provided With ?rst and second code encoding modules, a 
transceiver module, a receiver module, a storage module, 
?rst and second error correction modules, a beloW bounded 
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10 
distance decoding module, and a bounded distance decoding 
module. These modules are programs for causing the com 
munication system 10 to function as the ?rst and second 
code encoding units 110 and 120, the transceiver unit 150, 
the receiver unit 180, the storage unit 210, the ?rst and 
second error correction units 220 and 230, the beloW 
bounded distance decoding control unit 240, and the 
bounded distance decoding control unit 250. 
The above-described programs or modules may be stored 

in an outer storage medium. As a storage medium, other than 
the ?exible disk 1090 and the CD-ROM 1095, an optical 
recording medium such as a DVD or a PD, a magneto 
optical recording medium such as an MD, a tape medium, a 
semiconductor memory such as an IC card, or the like can 
be used. A storage device such as a hard disk or a RAM 
installed in a server system connected to a dedicated com 
munication netWork or lntemet may be used as a recording 
medium to supply the programs through the netWork to the 
communication system 10. The programs or modules may 
be mounted on an integrated circuit such as an ASlC, or as 
?rmware. 
As apparent from the foregoing description, the commu 

nication system 10 adds the concatenated codes, in Which 
the outer and inner codes have complementary characteris 
tics, to the input data sequence. Thus, the communication 
system 10 can obtain a large coding bene?t from a relatively 
small parity overhead to execute e?fective error correction. 
Moreover, since the effects of erroneous correction caused 
by burst errors can be suppressed, and errors can be cor 
rected by iterating minimum distance decoding based on the 
hard decision method, the communication system 10 can be 
operated by a simple circuit at a high speed. Further, since 
concatenated codes having high a?inity With existing 
devices or standards using Reed-Solomon codes are used, 
the communication system 10 can be realiZed by an easily 
designed and manufactured circuit. 
The preferred embodiment of the present invention has 

been described. HoWever, it should be understood that a 
technical scope of the present invention is not limited to the 
embodiment, and various modi?cations and improvements 
can be made to the embodiment. As apparent from the 
appended claims, such modi?cations and improvements are 
Within the technical scope of the present invention. 
The invention claimed is: 
1. An encoding device for adding an error correction code 

parity to an input data sequence, comprising: 
a ?rst code encoding unit for adding a binary error 

correction code parity to each of a plurality of ?rst data 
blocks into Which the input data sequence is divided; 
and 

a second code encoding unit for adding a symbol error 
correction code for correcting an error by a symbol unit 
of a predetermined length to each of a plurality of 
second data blocks into Which the input data sequence 
is divided in a form different from that of the plurality 
of ?rst data blocks, 

Wherein the number of bit errors to be corrected per total 
number of bits of the ?rst data block to Which the 
binary error correction code parity is added is larger 
than the number of bit errors to be corrected per total 
number of bits of the second data block to Which the 
symbol error correction code parity is added; 

Wherein When a total number of bits of the ?rst data block 
to Which the binary error correction code parity is 
added is set to n, a minimum distance betWeen codes of 
the ?rst data block is set to d, a length of the second 
data block to Which the symbol error correction code is 
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added is set to N symbol, a minimum distance between 
codes of the second data block is D, and a total number 
of bits of the symbol is m, the ?rst code encoding unit 
and the second code encoding unit respectively add the 
binary error correction code parity and the symbol error 
correction code parity to each of the plurality of ?rst 
data block and second block to satisfy the following 
inequality: 

2. An encoding device according to claim 1, Wherein the 
second code encoding unit selects partial data from each of 
the plurality of ?rst data blocks to divide the input data 
sequence into the plurality of second data blocks. 

3. An encoding device according to claim 1, Wherein 
When the total number of bits of the ?rst data block is n, and 
the total number of bits of the symbol is m, the ?rst code 
encoding unit and the second code encoding unit respec 
tively add the binary error correction code and the symbol 
error correction code to each of the plurality of ?rst data 
block and second block Where n is an integer multiple of m. 

4. An encoding device according to claim 1, Wherein the 
?rst code encoding unit adds, as the binary error correction 
code parity, a code having an error detection function for a 
larger number of bit errors than the number of bit errors to 
be corrected by the binary error correction code parity. 

5. An encoding device according to claim 1, Wherein 
concatenated codes are added in Which each of the plurality 
of ?rst data blocks becomes a connected part of the input 
data sequence, the ?rst code encoding unit adds, as an inner 
code of the concatenated codes, the binary error correction 
code parity to the ?rst data block, and the second code 
encoding unit adds, as an outer code of the concatenated 
codes, the symbol error correction code parity to the second 
data block. 

6. An encoding device according to claim 1, Wherein the 
second code encoding unit adds, as the symbol error cor 
rection code parity, a Reed-Solomon code parity to the 
second data block. 

7. An encoding device according to claim 1, Wherein the 
?rst code encoding unit adds, as the binary error code parity, 
a code having a burst error detection function to the ?rst data 
block. 

8. An encoding device according to claim 7, Wherein the 
binary error correction code parity is capable of double-bit 
error correction. 

9. A decoding device for correcting errors of an encoded 
data sequence to Which an error correction code parity is 
added, comprising: 

a storage unit for storing the encoded data sequence; 
a ?rst error correction unit for correcting an error of each 

of a plurality of ?rst data blocks, into Which the 
encoded data sequence is divided, by minimum dis 
tance decoding of a binary error correction code; and 

a second error correction unit for correcting an error of 
each of a plurality of second data blocks, into Which the 
encoded data sequence is divided in a form different 
from that of the plurality of ?rst data blocks, by 
minimum distance decoding of a symbol error correc 
tion code for error correction by a symbol unit of a 
predetermined length, 

Wherein the number of bit errors to be corrected by the 
binary error correction code per total number of bits of 
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12 
the ?rst data block is larger than the number of bit 
errors to be corrected by the symbol error correction 
code per total number of bits of the second data block; 

Wherein When a total number of bits of the ?rst data block 
is set to n, a minimum distance betWeen codes of the 
?rst data block is set to d, a length of the second data 
block is set to N symbol, a minimum distance betWeen 
codes of the second data block is D, and a total number 
of bits of the symbol is m, the ?rst error correction unit 
and the second error correction unit execute error 
correction by the binary error correction code and the 
symbol error correction code respectively to satisfy the 
folloWing inequality: 

> 

10. A decoding device for correcting errors of an encoded 
data sequence to Which an error correction code is added, 
comprising: 

a storage unit for storing the encoded data sequence; 
a ?rst error correction unit for correcting an error of each 

of a plurality of ?rst data blocks, into Which the 
encoded data sequence is divided, by minimum dis 
tance decoding of a binary error correction code; 

a second error correction unit for correcting an error of 
each of a plurality of second data blocks, into Which the 
encoded data sequence is divided in a form different 
from that of the plurality of ?rst data blocks, by 
minimum distance decoding of a symbol error correc 
tion code for error correction by a symbol unit of a 
predetermined length; 

a beloW bounded distance decoding control unit for 
causing the ?rst error correction unit and the second 
error correction unit to respectively correct errors hav 
ing smaller distance than limit error correction capa 
bilities of the binary error correction code and the 
symbol error correction code; and 

a bounded distance decoding control unit for causing, if 
determination is made that the errors are not corrected 
by the beloW bounded distance decoding control unit, 
each of the ?rst error correction unit and the second 
error correction unit to correct errors by using the limit 
error correction capability of each of the binary error 
correction code and the symbol error correction code. 

11. A decoding device according to claim 10, Wherein the 
binary error correction code has a burst error detection 
function and a burst error correction function, the beloW 
bounded distance decoding control unit further causes the 
?rst error correction unit to detect burst errors, and the 
bounded distance decoding control unit further causes the 
?rst error correction unit to correct the burst errors. 

12. A decoding device according to claim 10, Wherein the 
beloW bounded distance decoding control unit causes each 
of the ?rst error correction unit and the second error cor 
rection unit to correct the errors of a distance smaller than 
the limit error correction capability by a predetermined 
number of times, and the bounded distance decoding control 
unit causes, if determination is made that the errors of the 
distance smaller than the limit error correction capability by 
the predetermined number of times are not corrected, each 
of the ?rst error correction unit and the second error cor 
rection unit to correct the errors by using the limit error 
correction capability. 
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13. An encoding method for adding an error correction 
code parity to an input data sequence, comprising: 

a ?rst code encoding step for adding a binary error 
correction code parity to each of a plurality of ?rst data 
blocks into Which the input data sequence is divided; 
and 

a second code encoding step for adding a symbol error 
correction code for correcting an error by a symbol unit 
of a predetermined length to each of a plurality of 
second data blocks into Which the input data sequence 
is divided in a form di?cerent from that of the plurality 
of ?rst data blocks, 

Wherein the number of bit errors to be corrected per total 
number of bits of the ?rst data block to Which the 
binary error correction code parity is added is larger 
than the number of bit errors to be corrected per total 
number of bits of the second data block to Which the 
symbol error correction code parity is added. 

14. An encoding method according to claim 13, Wherein 
When a total number of bits of the ?rst data block is set to 
n, a minimum distance betWeen codes of the ?rst data block 
is set to d, a length of the second data block is set to N 
symbol, a minimum distance betWeen codes of the second 
data block is D, and a total number of bits of the symbol is 
m, the ?rst error correction unit and the second error 
correction unit execute error correction by the binary error 
correction code and the symbol error correction code respec 
tively to satisfy the folloWing inequality: 

15. A decoding method for correcting errors of an encoded 
data sequence to Which an error correction code parity is 
added, comprising: 

a storage step for storing the encoded data sequence; 

a ?rst error correction step for correcting an error of each 
of a plurality of ?rst data blocks, into Which the 
encoded data sequence is divided, by minimum dis 
tance decoding of a binary error correction code; and 

a second error correction step for correcting an error of 
each of a plurality of second data blocks, into Which the 
encoded data sequence is divided in a form di?cerent 
from that of the plurality of ?rst data blocks, by 
minimum distance decoding of a symbol error correc 
tion code for error correction by a symbol unit of a 
predetermined length, 

Wherein the number of bit errors to be corrected by the 
binary error correction code per total number of bits of 
the ?rst data block is larger than the number of bit 
errors to be corrected by the symbol error correction 
code per total number of bits of the second data block. 

16. An decoding method according to claim 15, Wherein 
When a total number of bits of the ?rst data block is set to 
n, a minimum distance betWeen codes of the ?rst data block 
is set to d, a length of the second data block is set to N 
symbol, a minimum distance betWeen codes of the second 
data block is D, and a total number of bits of the symbol is 
m, the ?rst error correction unit and the second error 
correction unit execute error correction by the binary error 
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14 
correction code and the symbol error correction code respec 
tively to satisfy the folloWing inequality: 

17. A decoding method for correcting errors of an encoded 
data sequence to Which an error correction code is added, 
comprising: 

a storage step for storing the encoded data sequence; 
a ?rst beloW bounded distance decoding step for execut 

ing error correction of minimum distance decoding by 
an under-limit error correction capability of a binary 
error correction code for each of a plurality of ?rst data 
blocks into Which the encoded data sequence is 
divided; 

a second beloW bounded distance decoding step for 
executing error correction of minimum distance decod 
ing by an under-limit error correction capability of a 
symbol error correction code for error correction by a 
symbol unit of a predetermined length for each of a 
plurality of second data blocks into Which the encoded 
data sequence is divided in a form di?cerent from that of 
the plurality of ?rst data blocks; 

a determination step for determining Whether the errors of 
the encoded data sequence are corrected or not in the 
?rst beloW bounded distance decoding step and the 
second beloW bounded distance decoding step; and 

a bounded distance decoding step for executing, if deter 
mination is made that the errors of the encoded data 
sequence are not corrected, error correction of mini 
mum distance decoding by a limit error correction 
capability of each of the binary error correction code 
and the symbol error correction code. 

18. A program embodied in computer memory for causing 
a computer to add an error correction code parity to an input 
data sequence, the program comprising: 

a ?rst code encoding unit for adding a binary error 
correction code parity to each of a plurality of ?rst data 
blocks into Which the input data sequence is divided; 
and 

a second code encoding unit for adding a symbol error 
correction code for correcting an error by a symbol unit 
of a predetermined length to each of a plurality of 
second data blocks into Which the input data sequence 
is divided in a form di?cerent from that of the plurality 
of ?rst data blocks, 

Wherein the number of bit errors to be corrected per total 
number of bits of the ?rst data block to Which the 
binary error correction code parity is added is larger 
than the number of bit errors to be corrected per total 
number of bits of the second data block to Which the 
symbol error correction code parity is added. 

19. A program embodied in computer memory for cor 
recting errors of an encoded data sequence to Which an error 
correction code is added by a computer, the program com 
prising: 

a storage unit for storing the encoded data sequence; 
a ?rst error correction unit for correcting an error of each 

of a plurality of ?rst data blocks, into Which the 
encoded data sequence is divided, by minimum dis 
tance decoding of a binary error correction code; and 

a second error correction unit for correcting an error of 
each of a plurality of second data blocks, into Which the 
encoded data sequence is divided in a form di?cerent 
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from that of the plurality of ?rst data blocks, by 
minimum distance decoding of a symbol error correc 
tion code for error correction by a symbol unit of a 
predetermined length, 

Wherein the number of bit errors to be corrected by the 
binary error correction code per total number of bits of 
the ?rst data block is larger than the number of bit 
errors to be corrected by the symbol error correction 
code per total number of bits of the second data block. 

20. A program embodied in computer memory for cor 
recting errors of an encoded data sequence to Which an error 
correction code is added by a computer, the program com 
prising: 

storage unit for storing the encoded data sequence; 
a ?rst error correction unit for correcting an error of each 

of a plurality of the ?rst data blocks, into Which the 
encoded data sequence is divided, by minimum dis 
tance decoding of a binary error correction code; 

a second error correction unit for correcting an error of 
each of a plurality of second data blocks, into Which the 
encoded data sequence is divided in a form di?cerent 
from that of the plurality of ?rst data blocks, by 
minimum distance decoding of a symbol error correc 
tion code for error correction by a symbol unit of a 
predetermined length; 

a beloW bounded distance decoding control unit for 
causing the ?rst error correction unit and the second 
error correction unit to respectively correct errors hav 
ing smaller distance than limit error correction capa 
bilities of the binary error correction code and the 
symbol error correction code; and 

a bounded distance decoding control unit for causing, if 
determination is made that the errors are not corrected 
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by the beloW bounded distance decoding control unit, 
each of the ?rst error correction unit and the second 
error correction unit to correct errors by using the limit 
error correction capability of each of the binary error 
correction code and the symbol error correction code. 

21. A data recording medium for recording an input data 
sequence and an error correction code added to the input 
data sequence, comprising: 

a data sequence recording area for recording the input 
data sequence; 

a ?rst code recording area for recording a binary error 
code parity recorded corresponding to each of a plu 
rality of ?rst data blocks, into Which the input data 
sequence is divided, and used for correcting an error of 
each of the plurality of ?rst data blocks; and 

a second code recording area for recording a symbol error 
correction code parity recorded corresponding to each 
of a plurality of second data blocks, into Which the 
input data sequence is divided in a form di?cerent from 
that of the plurality of ?rst data blocks, and used for 
correcting an error of each of the plurality of second 
data blocks by a symbol unit of a predetermined length, 

Wherein the number of bit errors to be corrected per total 
number of bits of the ?rst data block to Which the 
binary error code parity is added is larger than the 
number of bit errors to be corrected per total number of 
bits of the second data block to Which the symbol error 
correction code parity is added. 


